Additional stresses on buildings induced by vibration effects  by Hashad, Ahmed
Water  Science
ScienceDirect
Water Science 29 (2015) 134–145
journal homepage: www.elsevier.com/locate/wsj
Additional stresses on buildings induced by vibration effects
Ahmed Hashad ∗
Construction Research Institute, National Water Research Center, Structure Dynamics, Kanater Elkhayria, Kaluob 13621, Egypt
Received 19 August 2015; received in revised form 25 November 2015; accepted 26 November 2015
Available online 9 January 2016
Abstract
Construction activities, blasting and traffic are the main sources of ground vibrations that may have a detrimental effect on
buildings.
The main objective of this research is to study the relationship between additional stresses on building induced by vibrations,
vibration nature and building dynamic characteristics.
Five numerical models were subjected to base excitation to represent different vibration sources and wave forms. These waves
were scaled to the same peak acceleration.
Experimental dynamic tests were carried out using five physical models with different characteristics. These models were subjected
to different types of vibration. The vibration characteristics were identified and the models top acceleration responses were measured.
Moreover, the models maximum stresses were measured due to each vibration load.
The relationships between stress increasing, fundamental period and base excitation type were plotted; also the relationship
between pseudo acceleration response at the top of the building and the frequency ratio between the model fundamental frequency
and the base excitation predominant frequency was also plotted. These relations were analyzed and concluded to tangible results.
© 2015 The Author. Production and hosting by Elsevier B.V. on behalf of National Water Research Center. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Vibration effects; Dynamic testing; Acceleration response; Pseudo acceleration
1.  Introduction
Vibrations are induced by multiple sources and their effect on buildings can be felt by building users. This effect
causes additional strains which is hard to be calculated or estimated because of vibration nature, sources multiplicity
and the difference in buildings response. Therefore, the importance of this research arises from addressing the problem
of vibrations and their effects on buildings.
Many researches have studied the effect of vibrations on buildings and have worked on the evaluation of the vibration
standards. Tealeb et al. (2000) studied the relation between the peak particle velocity (PPV) at the building foundations
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nd the minimum safe distance to the quarry blasting operations. They concluded that PPV should not exceed 15 mm/s
or no building damage so that this value could be used to determine the safe distance. Hunaidi (2000) described
he nature and causes of traffic-induced vibrations in buildings and discussed the possible remedial and preventive
easures. Henwood and Haramy (2002) tested several forms of vibration criteria as well as the results of vibrations
nduced by construction traffic. Levels appeared well below the established Swiss criteria. Hashad et al. (2006) studied
he effect of traffic induced vibration for three bridges. The peak velocity was determined and compared to the limits
et by international standards to evaluate the effect of vibration on the structural integrity of the bridges. Hashad (2012)
resented a study for evaluating the construction vibrations on buildings. The vibration measurements for two existing
uildings were performed and compared with the international vibration standards. Kotb et al. (2012) provided an
ssessment of different international standards for evaluation of building vibrations. A comparative study for the most
ommon international vibration standards was performed and concluded that, there is a need to carry out experimental
easurements to determine the additional stresses in structural elements due to vibrations. Kotb et al. (2014) proposed
n approach for determination of vibration effect on structures, the results of the suggested method was verified by two
ethods and compared with the application of the available vibration standards’ limits. The results of the proposed
ethod have shown its ability for estimating the effect of vibrations on buildings.
This research studies the relation between the characteristics of vibrational wave, level of generated stress and
uilding dynamic characteristics. These relations were investigated using a numerical dynamic analysis for five steel
ramed models. These models were subjected to six different base motions covering a variety of vibration types. The
tresses at the most critical section and the acceleration response were determined for each case due to each vibrational
ave. Five steel models were subjected to three different base motions to determine the vibration induced stresses and
he acceleration response. The acceleration response was measured by using accelerometer fixed at the top level of
he models while the stresses calculated from the strain value that was measured by using strain gauge fixed at critical
ection.
.  Numerical  analysis
The numerical analysis was carried out using Sap2000 program, Computers and Structures (2002). Five steel
tructures finite element models (F.E.M.) with different dynamic characteristics were designed to resist the gravity loads
nly according to Egyptian steel structures design code (2013). The models configurations are described in Table 1
nd shown in Fig. 1. Time history dynamic analysis was performed for all models using six different acceleration
ave forms with the same peak acceleration value and using 5% damping coefficient for all models through all the six
nalysis cases. These wave forms were applied separately in the lateral direction.
The base excitations wave forms were selected to represent wide range of ground vibration sources with different
redominant frequencies and frequency contents. The input excitations characteristics are described in Table 2.
The excitation number 1 was used to represent the traffic induced vibrations. This record was actually measured near
o an existing building foundation due to traffic. Excitation number 2 was shaking Table motion that was recorded during
ts motions. This record was used to simulate the vibration induced by machine harmonic motions, while excitations
umber 3 represents the random wave caused by machine start up or shutting down operations. Excitations number 4
as a wave form for many kinds of machines during working in random manner. Excitations number 5 was a wave form
or an earthquake ground motions that were selected to cover mining or construction activities. Excitations number 6
able 1
teel structures models configurations.
odel Cross section–American sections Fundamental period (s)
Columns Beams Bracing
1 W8X18 W14X26 – 0.60
2 W10X33 S12X35 – 0.51
3 W8X40 W16X31 – 0.40
4 W8X31 W16X31 C12X25 0.24
5 W8X31 W16X31 C12X25 0.18
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was created wave form that was built by adding process for all the five considered wave forms after normalizing their
peaks. This wave form was formed to simulate approximately the vibration resulting from several sources.
The acceleration amplitude was normalized for all wave forms to investigate the effect of vibration nature only.
Three peak acceleration values were used in the analysis. These values were 0.05, 0.10 and 0.15 g, then each wave was
applied for each F.E.M., the generated stress at the critical sections was determined. The maximum peak acceleration
of vibration wave considered was 0.15 g, which was determined using Newton’s equation in approximate manner.
F  =  m · a  (1)
where (F), (m) and (a) are the force, the mass and the acceleration respectively.
The allowable lateral force that may be generated from vibration effect can be considered as a secondary load. The
value of the secondary force could be considered equal to 15% of all the main loads which is in the current research
cases the gravitational loads.
0.15w  =  m  · a (2)m = w
g
(3)
Table 2
Characteristic of input excitations.
Excitation Predominant frequency (Hz) Peak accel. (g)
No. Source
1 Traffic 2 0.34 0.003
2 C-1050 1.46 0.454
3 T-2100 2.93 1.068
4 Machine 2 16.40 0.001
5 Emeryville 0.68 0.250
6 Mix 0.34–16.40 Normalized value
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Table 3
Results of acceleration response (0.05 g).
Framing models F1 F2 F3 F4 F5
Fund. period (s) 0.60 0.51 0.40 0.24 0.18
Pseudo acceleration (mm/s2)
Excitation 1 346 378 437 795 809
Excitation 2 930 403 266 381 473
Excitation 3 326 496 777 701 518
Excitation 4 59.2 74.4 571 206 257
Excitation 5 1372 1398 910 1000 870
F
o
3
a
s
n
t
t
s
e
r
s
e
w
p
T
R
F
F
%Excitation 6 928 594 419 453 473
rom (2) and (3)
∴  0.15w  =  a
(
w
g
)
∴ a  =  0.15g
Fig. 2 shows the time wave form of the applied input excitations in its original form and its frequency content
btained by applying Fast Fourier Transform (FFT).
.  Numerical  results
The results of the dynamic numerical analysis are summarized in Tables 3 and 4. Table 4 displays the model peak
cceleration response calculated for excitation wave with 0.05 g peak acceleration, while Table 4 presents the maximum
tress ratio calculated due to the excitation wave with 0.05 g peak acceleration also.
The relation between the acceleration response and buildings fundamental period taking into consideration the wave
ature was plotted in Fig. 3a, while Fig. 3b introduces the relation trend between building acceleration response and
he stresses induced by vibrations whatever its nature. The relation trend between building acceleration response and
he stresses induced by vibrations whatever its nature was studied by using indexes quantities for acceleration and
tresses. The acceleration index was estimated for each building from the calculation of peak acceleration under the
ffect of each wave form, and then calculates the average value from these peaks and the values were normalized with
eference to the maximum peak. The stress index was estimated in the same manner too.
The relation between the acceleration and the stress responses for the same building excited by different excitation
ources was introduced in Fig. 4a. The relation between the excitation and the building dynamic characteristics was
xamined as shown in Fig. 4b, where the effect of excitation frequency content on the building fundamental frequency
as plotted. Fig. 4a and b describes the relation between excitations and building characteristics.
The results showed that the stresses induced by vibration from all the vibration sources in case of models with
eriod ranged from 0.60 s to 0.40 s were higher than that with period less than 0.4 s as shown in Fig. 5.
able 4
esults of percentage of increasing in stresses (0.05 g).
raming models F1 F2 F3 F4 F5
und. period (s) 0.60 0.51 0.40 0.24 0.18
 Increasing in stresses
Excitation 1 0.137 0.089 0.081 0.059 0.040
Excitation 2 0.400 0.105 0.049 0.031 0.019
Excitation 3 0.139 0.123 0.143 0.063 0.026
Excitation 4 0.024 0.017 0.011 0.012 0.012
Excitation 5 0.683 0.363 0.168 0.09 0.045
Excitation 6 0.419 0.152 0.077 0.037 0.024
138 A. Hashad / Water Science 29 (2015) 134–145
4.  Experimental  tests
Five physical steel models of different configurations were built and subjected to base motion induced by shaking
Table to simulate the effect of machines with harmonic motions. The fundamental period of the physical models with
their elements cross section are shown in Table 5, while Fig. 6 displays the configuration of these models.
The strain was measured using electrical strain gauges attached at the critical section of each model. The stresses
were calculated using the measured strains. The dynamic characteristics for the physical models were determined by
Fig. 2. The used input excitations with their frequency analysis.
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Fig. 2. (Continued ).
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PFig. 3. Relation between input excitations and building responses.ree vibration tests. Fig. 7 displays the models during free vibration test and its results. The experimental results have
een checked by using numerical modal analysis for the F.E.M. that represents the physical ones. These dynamic
haracteristics were determined from free vibration test and were also used to calibrate the F.E.M. Table 6 presents a
omparison between the dynamic characteristics determined from experimental tests and the dynamic characteristics
able 5
roperties of the experimental models.
odel Cross section (mm) Fund. period (s)
Columns Beams
M1 5 × 40 – 0.19
M2 5 × 40 5 × 40 0.24
M3 5 × 40 5 × 40 0.30
M4 5 × 40 – 0.50
M5 5 × 40 – 0.59
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Fig. 4. Relation between input excitations and building characteristics.Fig. 5. The relation between building response and excitation nature.
calculated from F.E.M. The difference percentage between the experimental and the numerical fundamental periods
were calculated and also displayed in Table 6.
Fig. 8 displays samples of experimental results for the top acceleration response and the strain response at the critical
section for all physical models that were subject to different base excitations.
5.  Experimental  resultsThe measured peak acceleration responses for all models under the effect of the considered excitation were compared
with the calculated maximum stresses resulting from the same vibrations. These results were summarized in Table 7.
Table 6
Calculated and experimental fundamental frequency.
Model Fund. period (s) % of difference
Num. Exp.
PM1 0.19 0.18 −5.6
PM2 0.24 0.23 −4.3
PM3 0.30 0.28 −7.1
PM4 0.50 0.49 −2.0
PM5 0.59 0.60 1.7
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Fig. 9a displays the measured peak acceleration against model period for each base excitations, while Fig. 9b
isplays the calculated stresses against model period for each base excitation. It can be noticed from Fig. 9a and b that
hey have similar trend. These relations lead to the excitations that cause high acceleration responses causing also high
tress levels.
Fig. 10 displays the relation between the average measured peak top acceleration against the averaged calculated
tresses for all models. Although many of the vibration limits guidelines use the value of the peak particle velocity to
ndicate the possibility of building damage and ignores the value of the peak acceleration response while the acceleration
s the most quantity that can be easily measured in practice, thus this relation is supporting the concept of the possibility
f using acceleration quantity as a stress indicator for stresses induced by vibrations.
able 7
xperimental validation results.
odels PM1 PM2 PM3 PM4 PM5
und. period (s) 0.19 0.24 0.30 0.50 0.59
eak accel. (m/s2)
C-350 4.44 3.25 3.55 2.19 0.9
C-1050 3.56 12.62 9.13 4.14 6.87
T-2100 13.66 13.6 23.89 34.21 13.5
 Stresses
C-350 6.80 8.37 6.24 4.34 13.29
C-1050 11.84 22.84 10.06 30.51 60.62
T-2100 24.28 36.49 63.86 149.78 111.18
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Fig. 7. Free vibration test for physical models.
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Fig. 9. Relation between input excitations and model characteristics.Fig. 10. Relation between acceleration and stresses responses.
6.  Conclusions
This study is carried out for buildings with a fundamental period ranges from 0.2 to 0.6 s. The results of this study
concluded that the building additional stresses level induced by vibration depends on the nature of theses vibrations
and the building dynamic characteristics, also the buildings acceleration response depends on both building dynamic
characteristics and the excitation wave characteristics, therefore measuring input acceleration at foundation level cannot
be used as a general indicator for stresses in buildings subjected to vibration.
Measuring input acceleration at foundation level for the same building and for the same vibration source level can
be used as stress level indicator and the peak acceleration measured at top point of buildings should be used as another
stress level indicator. Finally, further studies are needed to produce guide lines for vibration limits based on measuring
acceleration response of buildings.
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